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THE PATENT OFFICE, 
loth February, 1956 



been made to convert steroids into meai- 
cinally-useful substancea by utilizing the 
activity of growing microorganisnis, but 

25 with cenerally unsatisfactory result* from 
the standpoints of utility of the substance. 
i>roduced and /or efficiency of its produc- 
tion. Thua, the prior attempts respulted 
either in oxidatiou of hydroxy groups to 

30 keto groups (as in the conversion of 
dfthydroepiandrosterone to androstene* 
dione) or rupture of the steroid nucleus, 
rather than tte desired addition of oxygen 
i(\ the steroid nucleus. 

35 Tt has now been found that steroids, 
especially 3-keto-steroids, can be con- 
verted into useful derivatives by subject- 
ing them to the action of enzymes of u 
special microorganism under aerobic con- 

40 (Utions. This microorganism is an 
actinomycete isolated from; a soil sample 
from Tontffl», New York, ^^en^growu 
synthetic or natural media, it pro** 
duces an antibiotic inhibiting gram- 

45 positive and gram-negative bacteria; and 
when grown in media supplemented with 
[Price35.0d.] 
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as tne nrsr oxiaation proaucr. 

The microorganism, when grown on 
agar, has mature vegetative hyphae 70 
whoso diameter varies from 0.9 to 1.2 
microns. The aerial mycelium is hyaline 
under the microscope, generally 
branched, not forming loops or spirals. 
Individual filaments are rarely or not 75 
septate. The colour of colonies when 
viewed on agar without magnification is 
white to liffht gull grey (Eidgway plate 
L III 10 Q. The spores are oval to 
oblong. Mature spores range from about 80 
1.0 to 1.2 microns in diameter and from 
1.0 to 1.2 microns in length. Individtial 
spores are colorless at maturity, but in 
mass appear white to grey when viewed 
without magnification (Ridg\^'ay plate 85 

L ni 10 f). 

The microorganism will liquefy gela- 
tine, peptonize litmus milk, reduce 
nitrate to nitrite^ and produce hydrogen 
sulphide when grown on Eligler iron 90 
agar. It does not produce indole when 
grown on tryptone agar. It will grow on 
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We, E. Ep. Sqxtibb & Sons, a corpora- 
tion orp^nizod and existing under tlie 
laws of the State of New York, United 
States of America, of 745 Fifth Avenue, 

5 New York, 22, New York, TTnited States 
of America, do- hereby declare the inven- 
tion, for which we pray that a patent mav 
be granted to us, and the method by 
which it is to be^^rfonned, to be par- 

10 ticularly described in and by the follow- 
ing statement : — 

This invention relates to steroids and 
derivatives thereof, and has amongst its 
objects the provision of novel derivatives 

15 of steroids and methods of produoinjj the 
same. The iavemtion is primarily con- 
cerned with the production of meaicinaJ. 
agents (or intermediatee for medicinal 
a^rents) from steroids by microbiological 

20 action. 

Prior to this invention, attempts had 
been made to convert steroids into medi- 
cinally-useful substances by utilizing the 
activity of growing microorganisms, but 

25 with firenerafly unsatisf axitory results from 
the standpoints of utility of the substance 
x^roduced and /or efficiency of its produc- 
tion. Thus, the prior attempts resulted 
either in oxidation of hydroxy groups to 

30 keto groups (as in the conversion of 
dfthydroepiandrosterone to androstene- 
dione) or rupture of the steroid nucleus, 
rather than tlie desired addition of oxygen 
to the steroid nucleus. 

35 Tt has now been found that steroids, 
tapecially 3-keto-steFoids^ can be con- 
verted into useful derivafives by subject- 
ing ikem to the action of enzymes of a 
special microorganism under aerobic con- 

40 <Utions. This microorganism is an 
actinomycete isolated from! a soil sample 
from- Yonkers, Nerw York. When grown 
on synthetic or natural media, Tt pro- 
duces an antibiotic inhibiting gram- 

45 positive and gram-negative bacteria ; and 
when grown in media supplemented with 
[Price 3s. (W.1 



cobalt salts, relatively large quantities of 
vitamin Bj^ are formed. These properties 
of the microorganism, though utili^able 
in the methods of this invention to obtain 
the antibiotic and /or a vitamin B^a as a 
by-i>roduct^ are of secondary imi)ortance, 
the invention being based primarily on 
the ability of enzymes of the micro- 
organism to pjoduce useful derivatives of 
steroids subjected to their action under 
aerobic conditions. 

The action of the enzymes can be 
utilized either by including the steroid in 
an aerobic culture of the microorganism, 
or by bringing togethecr, in an aqueous 
medium, iihe steroid, air, and enzymes of 
non-propagating cells of the micro- 
organism. Thus, when supplemented with 
progesterone, a culture of the micro- 
organism forms the novel, recoverable, 
and useful 16ft-hydroxy derivative thereof 
as the first oxidation product. 

The microorganism, when grown on 
agar, has mature vegetative hyphae 
whoso (Uameter varies from 0.9 to 1.2 
microns. The aerial mycelium is hyaline 
under the microscope, genearally 
branched, not forming loops or spirals^ 
Individual filaments are rarely or not 
septate. The colour of colonies when 
viewed on agar without magnification is 
whit© to light gull grey (Ridgway plate 
L III 10 Q, The spores are oval to 
oblong. Mature spores range from about 
1.0 to 1.2 microns in diameter and from 
1.0 to 1.2 microns in length. Individual 
spores are colorless at maturity, but in 
mass appear white to grey when viewed 
without magnification (Bidgway plate 
L III 10 f). 

The microorganism will liquefy gela- 
tine, peptonize litmus milk, reduce 
nitrate to nitrite, and produce hydrogen 
sulphide when grown on Eligler iron 
agar. It does not produce indole when 
. grown on tryptone agar. It will grow on 
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mediai 'joiilaiiimg airmioniTXin aulpliate, or 
sodium nitrate, or asi)ara^iiie, or trypto-. 
pliane as sole soxirce of nitrogen (basal 
medium: KH^PO^, 2.38 g-.; 
5 5.65 g. ; MgSO^.THaO, l.Q ; . 

CuSO^- 5H,0, Q.a064 g^. ; 
FeSO^.THaO, 0.0011.^,; MuSG^.fflaO, 
0.0079 g. ; ZnS0..7H:,0, ' 0.0015 . g.; 
Difco agar Difco being a 
10 Begistered Trade Mark), 15 g. ; glucose, 
10 g". ; water to 1 litre; pH adjuated to 
6.8). Wlien the sam& basal medium^ 
without carbohydrate but with 0.106 g. 
K* (as (NHJa^O*) is used, no growth is 
15 obtained. Additiou of the following 
sugars (at 10 g-./l) supports growth; axa* 
binose^ rhamnose, glucose, galactose, 
fructose, man nose, lactose, maltose, decs* 
trin, stai'ch, glycerol, mannitol, ssiicin. 
20 No growth is noted when sucrose, raffia 
nose, sorbose, "sorbitol or inositol are 
added to the basal medium. Sodium ace- 
tate and sodium citrate support growth 
when added to the basal medium, but 
25 sodium taitrate does not. 

A pure culture of this microorganism 
has been filed with the American Type 
- Culture Collection, WashiDygton,. D.C., 
under No. 11,009, and the microorganism 
JO is accordingly hereinafter referred to as 
actinomycete species ATCO 11,009." 
In general, the conilitiona of culturing 
actinomycete species ATCO 11,009 for 
the purposes of this invention are (ex- 
'3>S cept for the inclxxsion of the steroid to be 
converted) the same as those of culturing 
various other actinomycetes for the pro- 
duction of antibiotics and /or vitamin 
Bia, i-e. the microorganism is aerobically 
■ 40 grown in contact with j[in or on) a^ suit- 
able fermentation medium. A suitable 
mediiun essentially ooiaprises a source of 
nitrogenous ai^d growth-promoting fac- 
tors, and an assimilable source of carbon 
45 and energ'y. The latter may be a carbo- 
hydrate (such as glucose, maltose.- starch 
or decstrin) and/or the steroid itself. Pre- 
ferably, however, the - medium indudes 
an assimilable source . of. carbon and 
50 energy in addition to the steroid: and 
preferably also, this source is at least in 
substantial part a . member of the group 
consisting- of (1) fat acids having at 
least 14 carbon atoms and (2) fats. TTse 
55 of - such lipid source of carbon and 
energy (especially use of a fatty oil) is 
advantageous in that it enhances the 
availability of the steroid' for conversion. 
The medium may also include precursors 
60 foi by-products particularly desdfed, e.g. 
an assimilable source of " cobalt, where 
vitamin Bi^» is a desired by-oroduot. . 

Among the fats utilizable for the 
purposes of this invention are: — ^lard 
65 oil, soybean oil, linseed oil, cottonseed 



oil, peanut oil, coconut oil, corn oil, 
castor oil, sesame oil, crude palm oil, 
f anoyi niutton tallow, sperm oil, olive oil, 
tristearin^ . tripalmitin, triolein and tri- 
laurin. Ainon^ the fat acids utilizable for 70 
the purposes of- this invention axe: 
stearic acid, palmitic aoid, oleio acid, 
linoleic acid and m3rristLo acid. 

The source of nitrogenoua and growth 
promoting^ factors may be organic (e.sr. 75 

- soybean meal, com steep liquor,, meat • 
extntct and/or.disiinar& solubles) of syn- 
thetic (i.e., com2>osed of simple syn- 
thesizable organic and inorganic com- 
pounds). 80 

Among^ the steroids which may be con- 
verted hy the practice of this invention 
are: progesterone; pre^enolone; pr^s:- 
nanolone; 17-h3rdroxy-ll-deso3y-cortic(K 
sterone (Rechstein's compound S) ; com- 35 
pound S .acefeate; desoxycorticosterone ; 
ergosterol ; stigmasterol : cholesterol : 
dios^renin; and desoxycorticosterone ace- 
.tate. Where an oxidizable hydroxy group 
is present in tho steroid and its oxidation 90 
is not desired, it may be converted into , a 
group resistant to oxidation and capabl** 

- of reconversion into a hydroxyl group; 
e,o"., an eater, ether or halog'en group. 

The f oUowiug examples are iliustrativo 95 
af the invention* — 

An aqueous medium of the following 
f'ouuTosition is prepared:— - 

soybean oil S.8 ml- . lOO 

progesterone . 0.25 cr. — - 

aovbean mMl- 30 ff- • 

•00(3!ir03)^.6B;0 0.006 ff. 
water • 1 litre 

100 ml. portions of the medium ore dis- 105 
tributed in 500 nil! Erlenmoj^er flasks, 
and the flaska are plugged with cotton 
and sterilized in, tha usual manner (by 
autoolaving*). When cool, each' of the 
flasiks is inoculated wifi 2% of a vegeta- 110 
live ' inoculum of actinomycete species 
ATOO lljOOO which has beeiu grown for 
48 — 72 hours op a soybean meal-glucose 
medium, and the flaslcs are maintained at 
25' O. and mechanically shaken. , After 115 
two days incubation, the medium has a 
pH of about O.^-, a vitamin B^-j content of 
about 0.15 micrograms/ ml., a progester- 
one content of about 106 micrpgrams/ml. 
and' a IGo-hydrosyprog^sterona content of 120 
about 115 niiciofframs/ml. The presence 
and Quantity of IGa-^hydroxyprogesteronp 
and unoxddized progesterone is deter- 
mined by extracting* the sample with 
chlorpformj separating the oxidized com- 125 
nound from progesterone usin^ the filtei 
paper partition ohromatographio method 
of Zaffaroni .(Science 111: 6. 1950; 
propylene g-lycol-toluena svstem) anfl 
determining- the quantity of steroid in 130 
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each '* spot using a quartz spectio- 
photometer (240 m/*). The oxidised ster- 
oid appears to predominate in the cell- 
free filtrate, while the unoxidised steroid 
S ia associated with the oeUs of the micro- 
or^^aniiem^ 

The 16flt-hydroxyprogesterone. i» re- 
covered from the culture filtrate as de- 
scribed heieinafter. 
10 • Example 2. 

(a) An aqueous medium of the follow^ 
ing composition is prepared, and dis- 
tributed, steriliased, inoculated, and in- 
cubated as described in Example 1 " - 

IS Soybean oil 2.2 ml. 

progesterone 0.25 g. 

aiycina 2.6 g. 

sodium acid glutamate 2.2 ir 

FeS0,.7'a,0 0.25 g. 

20 ZnSa,.7H,0 0.03 g. 

OuS0,.5H,0 0.012 g. 

Go(NOJa.6H.O 0.005 g. 

MnS0,.4ffl[.0 0.016 s. 

CaiCI,.2HaO 0.05 g. 

.25 MgS04.7H,0 0.5 g. 

K;,HP0^.3HaO 0,5 

water 1 litre 

(b) After three days incubation, tlift 
(unfiltered) medium from 700 flasks if 

30 pooled, and centrifuged; and the clear 
liquid is extracted with thirteen 44itre 
portions of ohloroform. The chloroform 
extract is evaporated to dryness in vacuo, 
and tlie residue (about 31 g.) is mixed 

35 with 400 ml. of 80% methanol. The re- 
■ stilting suspension is extracts with 
seven 400 ml. portions of hexane (which 
removes all the lipide and leaves the 
essentially pure oxidised steroids in the 

40 aqueous methanol phase). The aqueous 
methanol phase is evaporated, leaving 
about 8.7 g. of a semicrystalline mixture; 
and the latter is dissolved in 50 ml. 
chloroform and 50 ml. benzene, and 

45 thromatographed on a column (7 cm. dia- 
meter) containing 8O0 g. of a mixture of 
equal volumes magnesium silicate aud \\ 
filter aid (such as that known by the 
Registered Trade Mark Celit© "): ajid 

50 the column (X) is then washed with a 
mixture of equal volumes of chloroform 
and benzene. At first, residual proges- 
terone was eluted, followed by a small 
fraction of crystalline material (Y), and 

55 then by the main product of the fermen- 
tation, lB«-hydioxyproge6terone, which 
is recovered from the eluate by evapora- 
tion of the solvents and then crystallised 
from acetone. 

. 60 The 16a-hydToxyprogesterone^ foiins 
hexagonal crystals melting at 225 
C. It gives a blue coloration with lodme 
and KI solution on filter paper. 

fal„« + 170' (C, 0.38 in chloroform). 

65 n.T.rX^^l 239 niM- 17,000). 



^^"1^3.04 (hydroxyl); 5.90 
(20.keto); 6.05 and 6.20 (3-ket-o, A4.5). 
Its analysis .(C, 76.61 ; H, 9.*56) is in good 
agreement with that calculated for 
C,i'H.aO„ ("NujoP' is a Registered 70 
Trade Mark). 

Acetylation of l(><vhydroxyproge- 
stei'one with acetic anhydride and pyri- 
dine yields a monoacetate, which on 
crvstallization from acetone and hexane 75 
melts at 134 '^—135* O., has [-]x,'- + 10r% 
and drives the following figures on ana- 
lysis: C, 73.64; H, 8.61; and acetyl. 
11.63. Esters of lOo-hydroxyprogesterone 
with other organic acids (e.g., benzoic 80 
afrid) may be obtained analogously. 

The crystalline material T obtained 
from the second eluate by evaporation of 
the solvent and repeated crystallization 
from acetone melts at 199°— 200° C, and 85 
has the characteristics folloAvinij.: — 

[«]p^* + 90.5° (C. 0.82 in chloroform). 

U,Y.:A i^x.284 mM(e==65), 
Analysis: C. 76.12; H. 9.73 (in good 
agreement with that calculated for 90 
Cai-EaaO*). The product is a 4.0-dihydro- 
I6»-hydroxyprogesterone. It may be con- 
verted into its acetate (or other ester) in 
the same manner asi 16«-hydroxyprosre- 
steioue. 

Further elation of the siKcate-filter 
aid column X with pure chloroform 
yields an additional quantity of 16- 
hydroxyprogesterone. The column ia then 
f urther eluated with a maxtux© of ;Uiree 100 
parts chloroform and one part aceCbne; 
and the solvent is removed from this 
eluate by evaporation and the residue 
crystallized fromi acetone. The produot 
melts at 215.5°— 216.5° C. and has the io5 
following characteristics: p^^-SO"" 

(chloroform): I^.Y. A ^ ax . 343 m/^ (e:= • 
14.400). Its analysis (0, 73.Q9; H, 8.68 
is in good agreement with that calculated 
for OaiH^oO^, the product being belieyed 110 
to be a dihydroxyprogesterone with one 
of the hydroxy groups in 16-position 

Example 3. 
Duplicate of Example 1 using a 
medium of the following comiwsition • — .115 
soybean oil 6.8 ml. 

progesterone 0.25 g. 

dried brewers yeast 25.0 g. 

co(isro3)2.©B;o 0.005 g. 

water ^ 1 litre .120 

After two days incubation, the medium 
has a pH of about 6.3 a vitamin Bi, con- 
tent of about 0.20 micrograms /ml., and 
a 16 ^-hydroxy progesterone content of 
alwut 130 micrograms/ ml. (about 120 .125 
micrograms /ml. in the culture filtrate). 
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Duplicate of Example I using- a 
luedium of the foUowimr composition: — 
soybeaji oil 8.8 ml. 

5 pro^steroae 0.25 ff,- • 

. Oo(KO,)^.6H^O . Q.O05 

cornsteep liquor 

- (neutraHzed to pH 7) • 40 g*/ , 
CaCOa 5 g. 

10 watear 1 litre* . 

After tLxee days incubshon, the medium 
has a pH of about 6.5, -ar iritamin B^^ 
content of about 0.21 micrograms/ml., 
and a IGa-hydroxy-progesterone content 
15 of about 9b micrograma/ml. (about .85 
micrograms/ ml. in the culture filtrate). 

On incubating for four days, both the 
\dtaanin. Bia and 16<»-hydroxyproge3terone 
titers, of the medium are materially in- 
20 creased. Thus, on extension of the inc\i- 
bation in Example 3,. to four days, the 
vitamin B,g content is raised to 0.43 
micrograms /ml. and the lG<^hyd!roxy- 
progesiterone content to 150 micrograms / 
25 ml. (140 micrograms/ ml. in the culture 
filtrate). 

In some cases^ a further increase in 
titer may be obtained on further exten- 
sion of the incubation period. Thus, on 
30 extension of the incubation in Examjile 
4, tp. 7 days, the IB^hydroxyproge- 
sterone coiitent is raised to 180 .micro- 
• grams/ml. (175 micrograms /ml. in the 
culture filtrate). . ^ 
B5 IxL the Examples .^iviBii hereinbefore, 
the steroid precursor is progesterone; but 
other steroid precursors can be converted 
into, useful stieroid derivatives, as illus- 
trated bv the follomng exfonples:-: 
40 Example 5. 

(a) S g. compound S acetate is incoiv 
porated in 15 litres; of ' a^ soybeaa oil 
medium of the following composition* — 
glycine _ 
45 sodium acid glutamate" : S.l gl 
MgS0,:7H^0 • ^ - 0.5 g. 
KiHPO,.aH^O' 0.5 g. 

ZnSO^.THaO 0,02P g.- 

MnS0,.4H^0 ' - - 0.016 g. 

50 CuS0..5HaO - - - 0.012- g. 

FeSO^.THoO 0.025 g. 

Oaa^.H^O 0.05 g. 

soybean oil . • ' tr-' 2.2 g. 
water . . • - i ]itre 

55 The medium is then inoculated .with 
actinomycete species ATOO 11,009 and 
incubated in a shaJie flask as described 
hereinbefore for 4 days. -The unfiltered 
medixEm is extracted with three. 15-litr6 
60 portions of chloroform, and the solvent 
evaporated from the extract; and the 
residua is taken up in 4 litres benzene, 
and the bemsene solution (W) is ex- 
tracted eight times with S-litre portions 
65 of water. Tlie aqueous phase (Z) is then 



extracted with 6.4 litires benzene (extract 
W^; and the benzene extracts W and 
are combined, the benzene removed 
by evaporation^ and the residue reory- 
stallized from alcohol, yielding about 1:1 70 
g. of recovered crude .compouiid S 
acetate- - . - - : 

(b) The aqueous phase 25 is extracted 
with chloroiojrm, the chlorofohn is 
evaporated f roih the extract and the resi- 75 
due is taken up in hot 95% ethanol. On 
standing, a pi'wipitate is formed, the 
product melting- at about 208°— ^IS"" G. ; 
and an additional yield of the product 
is obtained W evaporating the mother 80 

auor to half-volume. Rei>eated recrys- 
lisation from ethanol yields thf* 
Ijroduct as characteristic diamond^shaped 
platelefe meltiniv at about 224**---227*' C. 
A;cetylation of the product -in- pyridine- 85 
acetic anhydride yields needles - melting 
at 20^^—211^ C. [a].=^-Q8.? (6:53% in 
chlo^roform). Analysis: C, .67^5;-H, 8.08. 
The -product appears to be. a hydroxy 
derivative of compound S. t - 90 
- . Example 6. - 

1 g; -desoxycorticosterone acetate is 
incorporated in 5 litres of the soybean 
oil medium described in Example 5 and 
the medium is' inoculated, and incubated 95 
a« described in that Example for 5 . days. 
Tlje unfiltered medium is extracted with 
three 5-Utre portions of chloroform, the 
solvent evapora;ted from the extract, and 
the residue oartitioned between benzene 100 
and water. On further purification, the 
aqueous phase yields an oxidized deriva- 
tlvo of desoxycorticosterone, as. indicated 
by mobililh^ in filter-paper partition ohxo- 
matosrraphy using Zafferoni^s methods. 105 

. . EXAMPLGB 7. 

.mg. pregnenolone is incorirarated 
I'n 500 jnl. of the soybean oil medium de- 
fteiibedl in Exaniple 5, and the medium is 
inoculated and incubated as described in 110 
that^ example for 3 days. The unfiltered 
medium is extracted once with 500 mL 
-^hloraform and again with 250 ml. 
chloroform, and .the extract further 
ireajted. to yield a mixture of oxidizet^ 115 
derivatives of pregnenolone, probably 
1 fitt-hydroxyprogesterone and progester- 
one (based on filtep-papetr paxlition 
chromatography) .. 

Other media than those, disclosed in 120 
the foregoing examples may. be used for 
the purpose of this invention, the only 
requirement being of course that they be 
media which support the aerobic growth 
of actinomycetea. The vitamin B„ con- 125 
tefnt .of the media may be recovered 
the conventional procedures 'for recovery 
from aotinomycete cultures. An adequate 
^sterile) air supply should be maintained 
during' tihi© £Bnnentation;_ which may be 130 
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done in. the conventional inannex* of 
oonducting aerobic fermentations, e.g. 
by eicposnre of a large surface of tlie 
medium to air or by submerged aerated 

5 culture. The incubation time may deter- 
mine the degree of oxidation. Thus, preg- 
nenolone appeeurs to be oxidized hrst to 
progestetTone and on further incuUation 
the latter is convjerted to IBa-kydroxy- 

10 progesterone. The incubation may of 
course be stopped at a time when the 
medium contains the highest titer of pro- 
gesterone, if that is the deeired product, 
r In the Examples given hereinbefore, 

15 the steroid is' included in the fermenta- 
tion medium before inocxilauon with the 
microorganism;, but the steroid may be 
added after the inoculation and even 
after substantial growth of the micro- 

20 organism ha© occurred, as illustrated by 
the example following. Where an inter- 
mediate stage of oxidation is desired, as 
for example progesterone rather than 
■ Uja-hydroxyprogeeterone, it i& favoured 

25 by a shorter f eonnentation period. 

EXAMPUB 8. 

An aqueous mediiim of the following 
composition is prepared, and distributed, 
stei^ed, inoculated, and incubated a» 
30 described in Example 1. 

soybean meal 15 g. 

^1U0064» 10 g. 

soyabean oijl 2 jg. 

water 1 litre 

35 After incubating for one day, pregneno- 
lone is added to each flask in the propor- 
tion of 20Q rngJUtre medium; and the 
medium is furtner incubated for six 
hours, and tihe pooled medium then ex- 
40 tracted with three l-Utre portions of 
chloroform. The pooled chloroform ex- 
tract contains about 190 mg. proge- 
sterone. . I, - I. J. 
In the Examples given nereinbefore, 
45 the steroid is converted by inclusion in 
an aecrobic culture of the microorganism; 
but tho conrersion can also be effect^ 
by bringing together the steroid and air 
in an aqueous suspension of the non- 
50 propagating microorganism (or by brings- 
ing togemer the steroid, air and 
en25ynies of tbe microorganism in an 
aqueous cell-free mediumi, as illustrated 
by the following example: — 
55 'Rya-m-pt.-r 9. 

The two-day culture of actinomycete 
specdes ATOC 11,009 described in 
Example 1 is centrifuged, resuspended 
in distilled water, recentrifuged, and 
60 again resuspended iii distilled water. 40 
ml. aliquot© of the suspension are placed 
in 125 ml. Erlenmeyer flasks, 10 mg./ 
litre of a polypxyethylene ether of a 
pBitial higher latty acid ester of sqrbitan 
65 (such as that known by the Eegistered 



Trade Mark 'MVeen and 200 mg./ 
litre of pregnenolone are added to each 
flask, and the flasks are agitated (on a 
reciprocating shaker) at 26° 0. for 24 
hours. The pregnenolone added is almost 70 
quantitativeiy converted to progesterone, 
which may be recovered by cJiloroform 
extraction. 

iOa-bydi'Oxyjjrogesterone may be con- 
verted into the known 17-hydroxy- 75. 
progesterone by dehydrating tbe for- 
mer with aluminium tertiary butylate 
to obtain 16-dehy droprogesiterone, . and 
converting the dehydro compound into 
the IT-liydxoxy compound by the 80 
metliod described by Julian et al. in 
J.A.O.S. T2, 367 ^1950). The dehydra-. 
tion may, for example, be effected as 
follows: A solution of 30O mg. alu^ 
imnium tertiary butylate in 10 jnl. ben- 85' 
zene is. added to a solution of 97 mg. 16a- 
hydroxy progesterone in o ml. dry ace- 
tone, the mixture is refluxed for 12. hours; ■ 
and the resultijig gel is decomposed by 
tlie addition of dilute sulphuric acid. The 90 
benzene layer formed is- separated from 
the aqueous layer, and the latter ex- 
tracted with ciiioroform; and the com- 
bined benzene layer and chjoroifonn 
extract is washed with dilute sodium bi- 95 . 
carbonate solution and water, dried over 
sodium sulphate, and evaporated to dry- 
nesa in vacuo. . j- 

The residue (about 91 mg.) is dis- 
solved in a mixture of 3 ml. benzene and 100 

3 ml. hexane, and chromatographed on 

4 g, sidphurio acid^washed alumina. 
" Elution with a 2 : 1 benzene-h^ane mix- 
ture yields pure 16a-dehydroprogesterone 

as thin platelets, which after recryatal- 105 
lization from aji acetone-hexaiie mixture 
melts at 190'— 191.5' C, and haa the 
followiAg properties: — ^ • 
[<»]i>" + IM.b^ (concentration, O.aO m 
ale. 

chloroform;; U.V. :A jj^gx. 2:40 m/i HO 
28,400), 315 mil (€=148). 
These properties are in good agreement 
with those reported for IGa-dehydropro- 
wesiterone by Eukushima and Gallagher 
J.A,C,S- 7a, 201 (1951) ; and the analysia 115 
(C, 80.94% ; H, 8,99%) is in good agree- 
ment with, that calcijated for OaiHasOa. 
What we claim is: — 

1. A hydroxy-progesterone having the 

or one of the hydroxy groups in the 16o 120 
position, which is formed by subjecting 
nro^esterone to the action of the enzymes 
of actinomycete species ATCO 11,009 
under aerobic conditions. 

2. le-^hydroxyprogesterone. 125 
a. An ester of 16a-hydroxyproge* 

sterone- 

4. 4.5 - dihydro - Ifr* - hydroxyprogeH 
sterone. 
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5* An ester of 4,5-dihydro-16a- 
hydroxyprogesterone. ^ ^ . , 

6. A dihydroxy-prog-esterone formed 
by subjecting progesterone to tlie action 

5^'. of enzymes of actinomycete. species ATCO 
11,009 under aerobic conditions.' 

7. Tie method ^f converting a 3-keto 
steroid into, a hydroxylated derivatiYe 
thereof, which comprises subjecting the 

10' steroid to the action of eni^mes of actino- 
mycete species ATQC'- 11.009 under aea-o- 
bic conditions. - ' 

8. The metliod of oonverfang' .ptrogfe*- 
sterone into, a hydroxylated derivative 

15 thereof paving the or one ,of the hydroxy 
groups in the 16^ ppsition which com- 
nnses sxibjectmg the progesterone to tha . 
action of - enzymes^ of - - acianomycete 
species -ATOC 11*009 under aerobic con- - 

2& ' ditions. - - . ... 

9. The method as claimed in Claim. 7,. 
wherein the action . is- . effected .in- ^ - . 
medium which contaius - an -assimilable 
source of .cobalt. - - , . 

25 ^ 10. .The method of ^converting a Srketo 
steroid , into^ 0. hydroxylated- BerivativA, 
thereof , which comprises- including the- 
st^oid-in an aerobic culture of actintw. 
mycete -species ATOC. 11,009, -and^rp- 

30 covering the hydroxylated .derivafivn 
from the culture. 



11. The method of converting a 3-keta 
steroid into a hydroxylated derivativo. 
thereof, which comprises . briD^ng. to: 
gether, innn aqueous medium^ the ster^ 35 
Old,, air, .and enzymes of non-propagating 
cells of. actinomyce£&. species . ATOP 

ii;oo9: . , 

12. . The method of converting a 3-keto 
steroid, into .a hydroixylated -dei'ivaldve 40 
thereof, which . comprises, incorporating 
the steroid in a fermentation medium 
capable of supporting tiie. growth of an 
autdnom^cete, JJioculating the medium . 
with .actinomycete .species ATOC. 11,009, 45 
inciibating ihs medium: under -aerobic 
conditions, and.recoveringL the-Lydroxyl* 
ated derivative .from the. inpubated 
medium. 

13. The .method. as-daimad -in..Oiaim . 50 
12, wherein the. fennentation- medium 
compaasesr, ha, at least. a substantial part 

of the requisite . .assimilable source . of 
carbon iind.. energy, a. .^member ..-of. - the - 
group, consisting of (1). fat" acids .having 55 
at least 14 carbon atoms-and (2). fats. 
Agent for the. Applicants, 
. STAJSTLBY, PQPPLEWELL,. . 
; . -. . JPB.AirCIS_&„ROSS,-,. ... 
. Chartered iPatent -Agents, 
19, Buckingham Street,.. Strand, 
London, WjC.2. 
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